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Description 
[SOLDER BALL FABRICATING PROCESS] 

Cross Reference to Related Applications 

[0001] This application is a continuation of a prior application 

serial no. 10/248,863, filed February 26, 2003, which 

claims the priority benefit of Taiwan application serial no. 

91103530, filed on February 27, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a solder ball fabricating 

process. More particularly, the present invention relates to 
a solder ball fabricating process for the fabrication of a 
wafer-level chip scale package (WLCSP). 

[0004] Description of Related Art 

[0005] D ue to the trend of developing light and compact elec- 
tronic products, the size of most integrated circuit pack- 
ages continues to decrease. To reduce the size of inte- 
grated circuit (IC) packages, chip scale packages (CSP) 



have been developed. In general, the edge length of a CSP 
package is roughly 1.2 times the edge length of a silicon 
chip or the chip/package has an area ratio of about 80% 
and the pitch between leads is limited to a value under 
1mm. Many types of chip scale packages are now avail- 
able. However, the most common type is one having the 
package directly formed on the wafer, known also as a 
wafer-level chip scale package (WLCSP). 
[0006] one major characteristics of a WLCSP is the fabrication of 
a redistribution circuit (RC) on the surface of the chip so 
that the bonding pads originally positioned around the 
periphery of the chip are redistributed as an area array on 
top of the chip. Hence, the entire surface of the chip can 
be utilized for accommodating bonding pads, thereby 
producing a larger pitch between bonding pads to meet 
the larger distance of separation between contacts on a 
printed circuit board (PCB). In addition, solder balls are at- 
tached to the bonding pads of the chip manually or auto- 
matically so that the bonding pads on the chip are electri- 
cally connected to the contacts on the PCB through the 
solder balls. 

[0007] However, if the positions of the original bonding pads and 
pitch between the original bonding pads on the chip 



match the contact pitch in the printed circuit board, there 
is no need to form the redistribution circuit on the chip. In 
other words, the solder balls may be directly attached to 
the original bonding pads on the chip. In the following 
description, the solder ball pads refers to all the bonding 
pads on a chip requiring solder ball attachment, for ex- 
ample, including the original bonding pad on the chip or 
the bonding pads on the redistribution circuit above the 
chip. 

[0008] As integrated circuit design progresses and the level of 
integration continues to increase, the number of output 
pads in a chip also increases. Yet, surface area of the chip 
often remains identical or is reduced slightly. Under such 
circumstances, the conventional solder ball attachment 
technique can hardly accommodate fine solder balls. Ulti- 
mately, small fine pitch solder balls have to be used in the 
fabrication of WLCSP. 

[0009] Furthermore, the conventional solder ball attachment 

technique can be roughly classified into the automatic ball 
attachment method and the manual ball attachment 
method. The automatic ball attachment method costs 
more to operate especially for attaching small fine pitch 
solder ball. Although the manual ball attachment method 



is less expensive to operate, substantial labor force is re- 
quired and overall ball attachment efficiency is relatively 
low. Since it is difficult to attach small fine pitch solder 
balls to the bonding pad of a chip in a WLCSP, a larger 
size bump is often attached to the bonding pad of the 
chip instead of a solder ball. 
[0010] Because lead-tin alloy has a good bonding strength as 
well as physical and conductive properties, lead-alloy is 
often used as a solder material for joining devices on a 
chip with contacts on the printed circuit board in the fab- 
rication of integrated circuit packages. However, lead is a 
toxic material that often causes health hazards and envi- 
ronmental concerns. Thus, the electronic industry is ac- 
tively looking for a lead-free substitute for the lead- 
containing solder material. At present, a number of lead- 
free solder materials have already been developed. In the 
not too distant future, all lead-containing solder material 

will be replaced. 
Summary of Invention 

[0011] Accordingly, one object of the present invention is to pro- 
vide a solder ball fabricating process for directly forming a 
solder ball on the bonding pad of a wafer in a wafer level 
chip scale package (WLCSP). The solder ball fabricating 



process not only increases production rate, but the size 
and height of the solder ball is also much easier to control 
within the desired range. In addition, constituents inside a 
lead-free solder ball are easier to control when the inven- 
tion is applied to form lead-free solder balls. 
[0012] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a solder 
ball fabricating process for attaching at least one solder 
ball to a wafer. The wafer has an active surface, a passiva- 
tion layer and at least one bonding pad. The passivation 
layer and the bonding pad are formed on the active sur- 
face of the wafer such that the passivation layer exposes 
the bonding pad. The wafer further includes a stress 
buffer layer and at least one under-ball-metallurgy layer. 
The under-ball-metallurgy layer is formed over the bond- 
ing pad. The stress buffer layer is formed over the passi- 
vation layer but also exposes the under-ball-metallurgy 
layer. First, a patterned first solder mask layer is formed 
over the stress buffer layer. The first solder mask has at 
least one first opening that exposes the under- 
ball-metallurgy layer. A first solder material is deposited 
into the first opening and then a first reflow process is 



carried out so that the first solder material inside the first 
opening is turned into a pre-solder body. Thereafter, a 
patterned second solder mask layer is formed over the 
first solder mask layer. The second solder mask layer has 
at least a second opening located above the first opening 
and exposing the pre-solder body. The second opening 
also has a diameter greater than the first opening. A sec- 
ond solder material is deposited into the second opening 
and then a second reflow process is carried out so that 
the second solder material inside the second opening and 
the pre-solder body melt together to form a solder ball 
above the under-ball-metallurgy layer. Finally, the first 
solder mask layer and the second solder mask layer are 
removed. 

[0013] The solder ball fabricating process according to this in- 
vention includes forming a solder mask layer over the 
wafer and patterning the solder mask layer to form an 
opening. The opening exposes the under-ball-metallurgy 
layer above the bonding pad of the wafer. Thereafter, a 
solder material is deposited into the opening so that the 
solder material stacks on top of the under-ball-metallurgy 
layer. A reflow process is conducted next to melt the sol- 
der material into a pre-solder body. The aforementioned 



steps are repeated once so that various solder materials 
are melted into a solder ball above the bonding pad. Note 
that diameter of the opening in each solder mask layer 
may not be the same. Hence, a staircase-like or an in- 
verted frustum-cone-like cavity structure is formed. This 
type of cavity structure facilitates the deposition of solder 
material into the opening. Therefore, solder ball having 
greater size and height are formed over the under- 
ball-metallurgy layer after the reflow of various solder 
materials is completed. 
[° 014 ] Similarly, the solder ball fabricating process according to 
this invention can be applied to fabricate lead-free solder 
balls. Since the constituents of a lead-free solder ball in- 
clude metallic substances or alloys combined in various 
ratios, the lead-free solder balls are formed by sequen- 
tially stacking various types of solder materials over the 
bonding pads of the wafer and then melting the solder 
materials together. By adjusting the thickness of each sol- 
der mask layer and size of each opening, volume of solder 
material deposited into each opening can be precisely ad- 
justed so that the ultimately formed lead-free solder ball 
has the desired height and contains all the necessary con- 
stituents mixed in the desired ratio. 



[0015] ^ is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0017] pigs. 1 to 8 are schematic cross-sectional views showing 

the steps carried out in a solder ball fabricating process 

according to one preferred embodiment of this invention. 
Detailed Description 

[0018] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0019] Figs. 1 to 8 are schematic cross-sectional views showing 



the steps carried out in a solder ball fabricating process 
according to one preferred embodiment of this invention. 
As shown in Fig. 1, a wafer having an active surface 12, a 
passivation layer 14 and a plurality of solder ball pads 16 
(only one is shown) is provided. The passivation layer 14 
and the solder ball pads 16 are formed on the active sur- 
face 12 of the wafer such that the passivation layer 14 ex- 
poses the solder ball pad 16. The solder ball pad 16 refers 
to any bonding pads or connection pads on the wafer 10. 
The wafer 10 further includes a plurality of under- 
ball-metallurgy (UBM) layers 18 (only one is shown) and a 
stress buffer layer 20. The under-ball-metallurgy layer 18 
is formed over the solder ball pad 16 and the stress buffer 
layer 20 is formed over the passivation layer 14. The 
stress buffer layer 20 also exposes the under- 
ball-metallurgy layer 18. 
[0020] The wafer 10 may be packaged according to a chip scale 
package (CSP) so that a chip cut out from a wafer is 
mounted onto a carrier. Damages to the chip and other 
package structures may occur due to thermal stress re- 
sulting from differences in the coefficient of thermal ex- 
pansion (CTE) between the chip and the carrier. The stress 
buffer layer 20 is used to buffer the thermal stress be- 



tween the chip and the carrier so that structural damage 
between the chip and the carrier is minimized. The stress 
buffer layer is commonly fabricated using a material such 
as benzocyclobutene (BCB). 
[0021] The under-ball-metallurgy layer 18 is designed to in- 
crease the bonding strength between a solder ball 34 and 
the solder ball pad 16 as shown in Fig. 7. In the mean- 
time, the under-ball-metallurgy layer 18 also serves to 
prevent the inter-diffusion of metallic elements and avoid 
the oxidation of metallic layers. The under- 
ball-metallurgy layer 18 is usually formed before the 
stress buffer layer 20. Photolithographic process together 
with evaporation, sputtering or electroplating processes 
are often used to fabricate the under-ball-metallurgy 
layer 18. An alternative method of forming the under- 
ball-metallurgy layer 18 is to form an under- 
ball-metallurgy layer over the active surface 12 of the 
wafer 10 globally and performing photolithographic and 
etching process in sequence to pattern the under- 
ball-metallurgy layer. Furthermore, the under- 
ball-metallurgy layer typically includes a stack of metallic 
layers such as a wetting layer, a barrier layer and an adhe- 
sion layer. These metallic layers are fabricated using a 



single type of metal such as copper, chromium, titanium, 
tungsten, silver, nickel, vanadium and aluminum or an al- 
loy of some of the above metals. 

[0022] a s shown in Fig. 2, a patterned first solder mask layer 22 
is formed over the stress buffer layer 20. The patterned 
first solder mask layer 22 has a plurality of first openings 
24 (only one is shown). The patterned first solder mask 
layer 22 is formed in a lamination process, for example. In 
the lamination process, a photosensitive dry film is ad- 
hered to the surface of the stress buffer layer 20. Alterna- 
tively, the patterned first solder mask layer 22 is formed 
by spin-coating liquid photoresist on the stress buffer 
layer 20. Thereafter, using a photo-via method, the pho- 
tosensitive dry film or the photoresist layer is patterned to 
form a first opening 24 in the first solder mask layer 22. 
Thickness of the first solder mask layer 22 determines the 
height of the first opening 24. 

[0023] As shown in Fig. 3, a printing method is applied to deposit 
a first type of solder material 26 into the first opening 24. 
The first solder material in solder powder form or solder 
paste form accumulates over the under-ball-metallurgy 
layer 18 inside the first opening 24. 

[0024] As shown in Fig. 4, a first reflow process is conducted so 



that the first solder material 26 is transformed into a pre- 
solder body 28 on top of the under-ball-metallurgy layer 
18. 

[0025] As shown in Fig. 5, a patterned second solder mask layer 
30 is formed over the first solder mask layer 22. The sec- 
ond solder mask layer has a plurality of second openings 
32 (only one is shown) that exposes corresponding pre- 
solder body 28. Since the second solder mask 30 is 
formed and patterned in way similar to the first solder 
mask 22, detailed description of the steps is omitted here. 

[0026] As shown in Fig. 6, a printing method is similarly applied 
to deposit a second type of solder material 34 into the 
second opening 32. The second solder material 34 also in 
solder powder form or solder paste form accumulates 
over the pre-solder body 28 (formed from the first solder 
material 26) inside the second opening 32. The second 
solder material 34 may contain the same material as the 
pre-solder body 28 (that is, the first solder material 26) or 
different constituents. Note that the second opening 32 
has a diameter larger than the first opening 24. Conse- 
quently, the first opening 24 together with the second 
opening 32 form a staircase-like or inverted frustum- 
cone-like cavity structure that facilitates the deposition of 



the second solder material 34. 

[0027] As shown in Fig. 7, a second reflow process is carried out 
to melt and fuse the pre-solder body 28 and the second 
solder material 34 together and form a bigger solder ball 
36 over the under-ball-metallurgy layer 18. Finally, the 
first solder mask layer 22 and the second masking layer 
30 are removed to expose the solder ball 36 to form a 
structure shown in Fig. 8. 

[0028] The solder ball fabricating process according to this in- 
vention can also be applied to the fabrication of lead-free 
solder balls as shown in Figs. 6 and 7. For example, if 
pre-solder body 28 (the first solder material 26) is a tin- 
silver alloy (95Sn/5Ag) and the second solder material 34 
is tin, the solder ball 36 after a reflow process is a tin-rich 
tin-silver alloy solder ball. On the other hand, if the pre- 
solder body 28 (the first solder material 26) is copper and 
the second solder material 34 is tin, the solder ball 36 af- 
ter a reflow process is a tin-copper alloy solder ball. If the 
pre-solder body 28 (the first solder material 26) is silver 
and the second solder material 34 is tin, the solder ball 36 
after a reflow process is a tin-silver alloy solder ball. Simi- 
larly, if pre-solder body 28 (the first solder material 26) is 
a tin-silver alloy (95Sn/5Ag) and the second solder mate- 



rial 34 is copper, the solder ball 36 after a reflow process 
is a tin-silver-copper alloy solder ball. 
[° 029 ] Similarly, as shown in Figs. 6 and 7, the solder ball 37 on 
the wafer 10 has a diameter of about 400um. To form a 
solder ball having such a size, an under-ball-metallurgy 
layer 18 having a diameter of about 150um, a first open- 
ing 24 having a width of about 700um and a second 
opening 32 having a width of about 900um, for example, 
are fabricated. 

[0030] The solder ball fabricating process according to this in- 
vention includes forming a patterned solder mask layer 
over the wafer. The patterned solder mask layer contains 
openings that expose solder ball pads on the wafer. A 
solder material is then deposited into the openings and a 
reflow process is carried out to form pre-solder body in- 
side each opening. A second patterned solder mask layer 
having openings therein is formed over the first solder 
mask layer. The second openings expose the original pre- 
solder body. Thereafter, a second type of solder material 
is deposited into the second opening to accumulate over 
the pre-solder body. A second reflow process is con- 
ducted to melt and fuse the two types of solder materials 
into a single solder ball over the solder ball pad (or the 



under-ball-metallurgy layer). 

[0031] Aside from forming two patterned solder mask layers, this 
invention also permits a repetition of the aforementioned 
steps to form more patterned solder mask layers. Each 
repetition includes forming a patterned solder mask layer, 
filling the opening with solder material and conducting a 
reflow process to form a pre-solder body. Finally, the 
stack of solder materials are melted and fused together to 
form a solder ball over the solder ball pad (the under- 
ball-metallurgy layer). 

[0032] This invention also utilizes the openings in various solder 
mask layers to form a staircase-like or inverted frustum- 
cone-like cavity structure that facilitates the deposition of 
solder material and provides sufficient support to present 
the collapse of the pre-solder body during a reflow pro- 
cess. Hence, size and height of the solder ball can be sig- 
nificantly increased to meet design criteria. 

[0033] | n summary, the solder ball fabricating process according 
to this invention includes forming a solder mask layer on 
the active surface of a wafer and patterning the solder 
mask layer to form an opening. The opening exposes the 
under-ball-metallurgy layer above the solder ball pad of 
the wafer. Thereafter, a solder material is deposited into 



the opening and a reflow process is conducted next to 
melt the solder material into a pre-solder body. The 
aforementioned steps are repeated once so that various 
solder materials are melted into a solder ball above the 
bonding pad. Since the openings in various solder mask 
layers together form a staircase-like or an inverted frus- 
tum-cone-like cavity structure, a wider area for accepting 
the deposition of solder material is provided. Thus, solder 
balls having a greater size and height can be produced 
over the under-ball-metallurgy layer to meet various de- 
signs. 

[0034] | n addition, the solder ball fabricating process of this in- 
vention can be used to form solder bumps over a wafer. In 
this case, the solder material deposited into the openings 
must have good soldering properties. Due to environmen- 
tal and health considerations, lead-containing solder ma- 
terial (such as lead-tin alloy) is likely to phase out soon. 
Ultimately, lead-free solder ball will have to be fabricated. 

[0035] The solder ball fabricating process according to this in- 
vention can be applied to the fabrication of lead-free sol- 
der balls. Since the constituents of a lead-free solder ball 
include metallic substances or alloys combined in various 
ratios, the lead-free solder ball is formed by sequentially 



stacking various types of solder materials over the bond- 
ing pads of the wafer and then melting the solder materi- 
als together. By adjusting the thickness of each solder 
mask layer and size of each opening, the volume of solder 
material deposited into each opening can be precisely ad- 
justed so that the ultimately formed lead-free solder ball 
has the desired height and contains all the necessary con- 
stituents mixed in the desired ratio. 
[0036] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



